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AHAJII3 HATIPYKEHOT'O CTAHY NOPOXKHUCTHUX JETAJEN
B ITPOLECI 3BOPOTHO-PAATAJIBHOI'O BUJABJIIOBAHHA

Po3BruTOK MammHOOYAyBaHHS B Cy4YaCHUX YMOBaX BHMarac po3poOKH HOBHUX, OLIbBII JOCKO-
HaJIMX TEXHOJIOTIH oJIepKaHHs BUCOKOSKICHUX 3ar0TOBOK 3 MIHIMaJIbHOIO COOIBApTICTIO.

OCHOBHOIO BUMOI'0I0 MAIIMHOOYIyBaHHS € MaKCHUMaJIbHE HAOIMKEHHS PO3MIpiB 1 KOHDITY-
pallii 3ar0TOBOK 10 YMCTOBHUX JETalCH, IMABUIICHHS X MEXaHIYHUX BIIACTUBOCTEH 1 3HMIKCHHS CO-
6iBaprocti. YuM Omrkde po3MipH 3aroTOBOK 110 TOTOBUX JeTalell 1 UMM BHIIE iX MeXaHiuHI Bjac-
THBOCTI, TUM JICTIIIE iX Bara i MEHIIEC TPYAOMICTKICTh HOJAJIBIIOI 0OpOOKH pi3aHHSAM. BUroTOBISATH
IMOPOKHHUCTI CKJIAJHOMPO(DUIHOBAHI JAeTall MOXJINBO SK TPAIULIIHHO BHKOPHCTOBYBAHUMH CIIOCO-
0aMu, 1110 BKJIIOYAIOTh B ce0€ MMO3I0BKHE 1 MONEPEYHE BUAABIIOBAHHS, TaK 1 CIIOCOOAMM BHIABIIIO-
BaHHSA 3 PYXOMUM (HOPMYIOUYUM 1HCTpYMeHTOM [1-3].

BunasmroBaHHS 332 CXeMaMH 3 PYXOMHM (POPMYIOYUM IHCTPYMEHTOM J03BOJIIE OTPHUMYBATH
MOPOXKHUCTI JeTalll JOCUTH CKiaamHoi (Gopmu. It pO3BUTKY IPOLIECIB IITAMITYBaHHS €(PEKTHUBHE
3aCTOCYBaHHA CIOCO0IB KOMOIHOBAHOI'O BHAABJIIOBAHHS BICECUMETPHYHUX JETaNIel, 110 MOXKE J0-
3BOJIMTU PO3IIUPHUTHU X HOMEHKIIATYPY IUIIXOM YCKJIAAHCHHS iX KOH(Iryparlii, 3HU3UTH KIJIbKICTh
TEXHOJIOTIYHMX IePEXOIIB 1 3MEHIIIMTH HaBaHTAXKEHHS Ha IHCTPYMEHT [3—6].

OOpoOKa TUCKOM METAIlB Y XOJIOJHOMY CTaHI Ma€ psij OYEBUIHUX IEpeBar sk nepea oopo-
OKOIO pi3aHHSM, TaK 1 Iepe rapssuyuMH IIporecaMu 00poOKH MeTaliB THCKOM. Tlo-mepiie, XoroaHa
00poOka THCKOM 3a0e3Ileuye BUTOTOBIICHHS MOKOBOK, OJM3BKHMX II0 PO3Mipax OO0 TOTOBOI JETall,
[0 3HAYHO CKOPOYY€, a B JACAKHUX BHIIAJKaX 1 BUKIIOYAE MMOJAIBITY OOPOOKY, a TaKOXK 3a0e3meuye
BUCOKHH KO€(IIIEHT BUKOPHUCTaHHS MeTairy. [lo-npyre, 3HaYHO MABUIIYIOTHCS MEXaHIYHI BJIaCTH-
BOCTI JieTajl, TaK K B CTPYKTYpl METajly BiJICYTHI Ilepepi3aHi BOJIOKHA, a TAK CAMO HasBHICTH 3MiIl-
HEHHS MOXKE BHUKIIOYHATH IOJAIBIIY 3MIMHIOIYY TEPMOOOPOOKY Ta 3a0€3MEYMTH 3aCTOCYBAHHS
MEHIII MIITHUX, ajie OUThII TUIACTUYHUX KOHCTPYKIIMHMX MaTepiamiB. Takox, XonomHe aedopmy-
BaHHS 3HAYHO MiIBUIIYE IPOAYKTUBHICTE mpartd [7].

TexHoI0r4HI IPOIECH BUAABIIOBAHHS BIAPIZHAIOTHECS PISHOMAHITHICTIO MOXKJIMBOCTEH, Pi-
3HOMAHITTSIM 1 BUCOKOIO €(EeKTHBHICTIO B ITOPIBHAHHI 3 IHIIMMH IpolecaMu (OpMOYTBOPEHHS Ae-
tanei. ITomyk HOBUX cxeM nehOopMyBaHHS, CIPIMOBAHUX Ha ITiJIBUIICHHS SIKOCTI JAeTalcH, CKIaI-
HOCTI iX (hOpMH, CTIHKOCTI IHCTPYMEHTY IOLIJIBHO 3IIMCHUTH B 00JIaCTI HOBUX CcXeM aehopMyBaH-
Hs. JIo TakuX CIoco0iB MOKHA BIJHECTH HOIEPEYHE 1 KOMOIHOBaHE 3BOPOTHO-paaiaibHE BUAABIIIO-
BaHHS, BUJABJIIOBAHHS PIAMHOIO BHCOKOTO THCKY 1 JIOKaJbHUM HABaHTAKCHHSM, BUIABITIOBAHHS 3
MPOTUTHUCKOM |8, 9.

CxiagaornpodiasroBaHi IOPOKHUCTI BUPOOM THUITY CTaKaH IIMPOKO ITOMIMPEH] B IIPOMHUCIIOBO-
CTl, TPAAUIIIHHO BUTOTOBJISIFOTH XOJIOTHUM TI03I0BXKHIM (3BOPOTHHM a00 MIPSIMUM) BHJIaBITFOBAHHSIM.

Mertoto pobOTH € AOCTIHKEHHS HAMPYyKeHO-e(hOPMOBAHOTO CTaHy, a TAKOXK MOJICITIOBAaHHS
CHUJIOBOT'O PEKHUMY MPOLECY 3BOPOTHO-PAIIAIBHOTO BUIABIIFOBAHHS.

Ha pwuc.1 posriasmaerbcss cxema IIPOIECY 3BOPOTHO-PAiaJbHOIO  BHJIABIIOBAHHS
(a — BUIABIIIOBaHHS MEPILIOrO MOTOBIIECHHS CTIHKHM CTaKaHy, O — epeMillleHHs MaTPUIll BHU3 B HOBE
TIOJIOKCHHS JIJIsl BUAABIIIOBAHHS IPYTrOT0 TIOTOBIICHHS B CTiHIII CTaKaHy, B — BUAABIIOBAHHS JAPYTO-
ro MOTOBIIECHHS CTIHKM CTaKaHy) 1 OTpUMaHa JeTalb (2).

OOpaHi HacTYIHI TapaMeTpH JJII MOJISTFOBAHHS 32 JOIMTOMOTOI0 TIPOTPpaMy Ha OCHOBI METO-
ny ckinueHHuX enementiB QForm 2D/3D mporecy 3BOpOTHO-PaiaIbHOTO BUIABIFOBAHHS:

— MEXaHIYHI BJIAaCTMBOCTI — MaTepiaj 3aroToBKH AMUM: KpHBa ICTUHHUX HaNpPy>KEHb OIH-
CYETHCS  PIBHIAHHAM  oy(g) = 188,4'80’15, MexXa [aMHy og, = 105 MIla, wMoayns HOwura
E =75000 MIla, koedimient ITyaccona v=0,3 1 koedillieHT TepTS MIXK MaTepiaJioM 3arOTOBKH 1 1H-
crpymenToM u = 0,08 (3axon 3i6ens).
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— TEOMETPHUYHI ITapaMeTPH IIPOLECY: Ry — padiyc 3aroToBkd (Ry = 22,5 MmM), R — paniyc my-
ancoHa (R =17 mm), R;— paxiyc dmanns (R = 26,3 mm), L; — BUCOTa IPUHMAIBLHOL IIOPOXKHUHH JIJIs
(manns, mo BugaBmoeThes (L; = 15mMMm), L — BUcOTa 3arotoBku (L =75 MM), ¥ — paziiyc 3a0KpyT-
JICHHS KPOMOK iHCTpYMEHTY (7 = 2,0 MMm).

— CWJIOBI MapaMeTpu TMpouecy: P — cuia BHIABIIOBaHHA, J — IMIBUIKICTh IyaHCOHA,
V| — IBUAKICTH MATPHIIL.
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Puc. 1. Cxema mporiecy 3BOpOTHO-paialIbHOTO BHUIABIIOBAHHS (2 — BUJABIIOBAHHS MEPILIOTO
MOTOBIIEHHS CTIHKM CTakaHy, O — IEpeMIllleHHS MAaTpHUIli BHHU3 B HOBE IIOJIOXKCHHS JUIS
BUJIABJTFOBAHHS JIPYTrOTO MOTOBIIEHHS B CTIHIII CTaKaHy, B — BUJABIIOBAHHS JPYroro MOTOBIICHHS
CTIHKHM CTaKaHy) i OTpUMaHa JIeTalb (2)

Ha puc. 2 npencraBieHo pe3ynbTaTH MOJSITIOBAHHS MPOIECY 3BOPOTHO-PATIaIbHOTO BUIA-
BJIFOBaHHSA TaKi, SIK PO3MOALT IHTEHCUBHOCTI JedopMalliii € (a) 1 HanpyxeHb a;, MIla (6) 3a xoqom
neGopMyBaHHS.

Ocepenok aedopmariii 30cepeKSHHUH M1 ITyaHCOHOM Ha IIEBHY INIMOMHY 1 B CTIHII Ofep-
JKyBaHOT'O CTaKaHy, MaKCHMajbHE 3HaUCHHS 1HTCHCHUBHOCTI Acdopmariiii &= 6,5 crnocTepiraloTbCs
y 30HI IepexiHOI KPOMKH ITyaHCOHA (B 001acTi KamOpyrdoro moscka ImyaHcoHa), a po3TallyBaH-
HS 30H 3 MAaKCUMaJIbHAM 3HAYCHHSIM IHTEHCUBHOCTI HampyXeHb B 6;= 190 MIla maiixe 30iraeTbes
3 pO3MIIICHHAM ocepenKy aedopmarrii B tehopmMoBaHomMy 00’ eMmi.

Ha puc. 1 Ta 2 MoxHa CTIOCTepiraTé yTATHEHHs (HE3alOBHEHHS 00’ €My) Ha BHYTPIIIHIN TT0-
BEpXHi MOPOKHUHM (Ha puc. 1 yTATHEHHs Mo3HaueHO OyKBOIO Y). YTATHEHHS 3'SBISIOTHCS Ha I10-
YaTKy yTBOPEHHS YEPTrOBOrO MOTOBIICHHS Ha 30BHIIIHIN MOBEPXHI CTakaHy B MPOLECI 3BOPOTHO-
paziadbHOTO BUIABIIOBAHHS Yepe3 BiAXiJ METaly 3aroTOBKH, IO J1e(OPMYETHCS, BiJl MOBEPXHI ITy-
aHCOHA TPH paiaibHIN Tedil.

Ha puc. 3 306paxeno rpadik 3a1eXHOCTI CHIIM TIPOLIECY Bija X0y myaHcoHa. Ha Hbomy BH-
JTHO, TII0 TI0 X0y Tpoliecy cuiia 3poctae. YiTko BUAUICHI TPH 30HU — I1€ 30HU (OPMYBaHHS ITOTOB-
meHb. Big 0 mo 20 MM 3piiicHIO€ThCS (DOPMYBaHHS MEPIIOTO MOTOBIICHHS (3YCHIUIS 3POCTAa€ Bij
P =0 kH go P =500 xH), motim BinOyBaeTncs cran 10 P = 0 kH gepes Te, 110 myaHCOH 3yNUHSIETh-
csl, @ MaTPUIII TIPH IBOMY TIEPEMIIIYy€ThCSI BHU3 Ha piBeHb ()OPMYBaHHS HACTYITHOTO ITOTOBIICHHSI.
[Totim 3H0BY cuna 3poctae Big P =0 xkH mo P = 500 xH (xix Big 20 mo 40 mm) uepe3 ¢hopmyBaHHS
npyroro motoBiieHHs. [licist mporo 3HOBY myaHcoH 3ynuHseTbesa (P = 0 xkH), a maTpums nepemi-
HIYETHCS B HACTYITHE TTOJIOKEHHS (JUTsi pOpMYBaHHS TPETHOTO TIOTOBIIEHHS ). B ocTaHHE cria 3poc-
tae Bix P =0 xkH no P = 570 xH nipu opmyBaHH1 TpeTHOT0O MOTOBIIECHHS Ta KIHIIEBUX PO3MIPIB Je-
tani. Cuna P = 570 xH nepesunrye cury P=500 xkH, sika cmoctepiraiach Ha IBOX IMOMEpPEAHIX €Ta-
max depes Te 110 B KIHIIl BUIABIIOBAHHS BIIOYBAEThCS 3MEHILICHHS OCepeKy nedopmartii, skuii OyB
chopMoOBaHUH 11I€ HA MTEPIIIOMY €Tarll.
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Puc. 2. Po3noain iHTeHCHBHOCTI nedopmariii & (a), po3moain IHTEHCHBHOCTI HampykeHb ai, MIla (6) 3a xomom nedopmyBaHHS NpHU
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Puc. 3. I'padik 3a1eXHOCTI CUITM BUJABIIOBaHHS P BiJl X0y poO04Y0oro myaHcoHa S

BMCHOBKU

Pospaxynku B QForm 2D/3D minTBepauwin MOXIUBICTH BUTOTOBJICHHS CKJIaJHOHONPO(i-
JTHOBAHOI TIOPOKHUCTOI JIeTalli 3BOPOTHO-PAIiaIbHUM BHIABIIIOBAHHSIM B YMOBaX PEaJIbHOTO BUPO-
OHMIITBA 32 PaXyHOK JOJATKOBOI KIHEMATUKH TIEPEMIIICHHS MaTpHIll Ha BIAMOBITHUX eTanax BUaa-
BITFOBAHHSI.

Ocepenok aedopmariii 30cepe/PKeHUN i TyaHCOHOM Ha TeBHY TTHOMHY 1 B CTIHII OJep-
’KYBaHOTO CTaKaHy.

MaxkcuManbHe 3Hau€HHS 1HTEHCHBHOCTI jJedopmarliii crocTepiraroThCs y 30HI MepexigHol
KPOMKH TTyaHCOHa (B 00J1acT1 KamiOpyrodoro mosicka MmyaHCcoHa) 1 TOCATaroTh 3Ha4eHHS & = 6,5. Po-
3TalllyBaHHs MaKCHMaJbHUX 3HAYCHb IHTEHCHBHOCTI HANPYKEeHb Maibke 30iratoThCsi 3 pO3MIIICH-
HSM ocepeaky aedopmaiiii B reopmMoBaHoMy 00’emi 1 gocararoTh 3Ha4eHHs o;= 190 MI]a.

Byno BcTaHOBJIEHO, 11O 3 MEPEMIIICHHSAM aKTUBHOTO MyaHCOHY MOCTIHHO 301IbIIYEThCS CH-
na nedopmyBanHs Bia Hy s 10 500 kH B KOXHIM 3 TPhOX 30H BUIABIIIOBAHHS Yepe3 T€, M0 MOCTiH-
HO 301IbIIY€eTHCS 00’ €M ocepeKy Aedopmariii B 3aroToBIl, Ka JePOpMYy€EThCS.

CIIMCOK BUKOPUCTAHOI JIITEPATYPU

1. Amues U. C. TexHoJOrm4YecKre BO3MOXXHOCTH HOBBIX CIIOCOOOB KOMOWHHPOBAHHOTO BBHIABIHBAaHUS.
Kysneuno—wmamnogounoe npouzeoocmso. 1990. 2. C. 7-10.

2. AmmeBa JI. U. Ilpomeccel KOMOMHHPOBAaHHOTO [eOPMHPOBAaHUS U BbIIaBIMBaHUSL. (Obpabomka
mamepuanog oasnenuem. 2016. 1 (42). 100-108.

3. Anuesa JI. 1. CoBepiiieHCTBOBaHHE NPOIECCOB KOMOMHMPOBAHHOTO BBIAABIMBaHUsA: MOHOTpadus. Kpama-
Topck: OO0 «Tupax — 51». 2018. 352 c. ISBN 978-966-379-846-2.

4. Kamoxnwuii B. JI., uoenko A. C., UysirsoB 0. O., UyBineoB €. O. BukopucranHs X0JOIHOTO HITAMITY-
BaHHS JJIs1 OTPUMaHHS IIOPOXKHUCTOTO BUPOOY 3 HEOOXITHUMH BIIACTHBOCTIMH 31e(dopMoBaHoro Merany. Bichuxk HTYY
«KI». Cepis mawunobydysanns. 2015. 1(73). C. 124-130.

5. Aliiev I, Aliieva L., Abhari P., Goncharuk K. Investigation of defect in combined precision extrusion pro-
cess with multiple ram. Proceedings of the 16th International conference “New technologies and achievements in met-
allurgy, material engineering and production engineering”. Series : Monographs. Czestochowa. 2015, 48, pp. 90-93.



ISSN 2076-2151. Oé6padbomka mamepuaios 0aéieHuem. 2019. Ne 2(49) 127

6. Amuea JI. Y. Onenka aeOpMHPOBAHHOTO COCTOSIHUS JeTajell B MPOIECCE XOJNOJHOTO BbINAaBIMBAHUSL
Memannypeuueckas u 2opHopyonas npomviunenrocms. 2016. 2. C. 77-85.

7. Abhari P. Investigation of fracture moment in radial extrusion process by finite element method. Proceed-
ings of the 18th International scientific conference New technologies and achievements in metallurgy, material engi-
neering, production engineering and physics. Series: Monographs. Czgstochowa. 2017, 68, pp. 97-101.

8. Abhari P. Numerical simulation of cold forging process to investigate folding defect in enclosed dies. /n-
ternational Journal of Mechanics and Advanced Technologies. 2017, 2 (80), pp. 71-77. DOL: http
://dx.doi.org/10.20535/2521-1943.2017.79.96079

9. Hrudkina N., Aliieva L., Abhari P., Kuznetsov M., Shevtsov S. Derivation of engineering formulas in order
to calculate energy—power parameters and a shape change in a semi—finished product in the process of combined extru-
sion. Eastern—European Journal of Enterprise Technologies. 2019. Vol. 2, 7 (98), pp. 49-57. DOI:
https://doi.org/10.15587/1729-4061.2019.160585

REFERENCES

1. Aliiev L.S. Technological capabilities of new methods of combined extrusion. Forging and Stamping Pro-
duction. 1990, 2, pp. 7-10. (in Russian).

2. Aliieva L.I. Processes of combined plastic deformation and extrusion. Material Working by Pressure. 2016,
1(42), pp. 100-108. (in Russian).

3. Aliieva L.I. Improving the processes of combined extrusion: monograph. Kramatorsk: Ltd “Tiraj — 51”.
2018, 352 p. ISBN 978-966-379-846-2. (in Russian).

4. Kalyuzhnyi V.L., Tsybenko A.S., Chuvilev Y.A., Chuvilev E.A. The use of cold stamping to obtain a hol-
low product with the necessary properties of deformed metal. Bulletin of NTUU "KPI". Series of mechanical engineer-
ing. 2015, 1 (73), pp 124-130. (in Ukrainian)

5. Aliiev 1., Aliieva L., Abhari P., Goncharuk K. Investigation of defect in combined precision extrusion pro-
cess with multiple ram. Proceedings of the 16th International conference “New technologies and achievements in met-
allurgy, material engineering and production engineering”. Series: Monographs. Czestochowa. 2015, 48, pp. 90-93.

6. Aliieva L.I. Assessment of the deformed state of parts during cold extrusion. Metallurgical and mining in-
dustry. 2016, 2. pp. 77-85. (in Russian).

7. Abhari P. Investigation of fracture moment in radial extrusion process by finite element method. Proceed-
ings of the 18th International scientific conference New technologies and achievements in metallurgy, material engi-
neering, production engineering and physics. Series: Monographs. Czgstochowa. 2017, 68, pp. 97-101.

8. Abhari P. Numerical simulation of cold forging process to investigate folding defect in enclosed dies. In-
ternational Journal of Mechanics and Advanced Technologies. 2017, 2 (80), pp. 71-77. DOI:
http ://dx.doi.org/10.20535/2521-1943.2017.79.96079

9. Hrudkina N., Aliieva L., Abhari P., Kuznetsov M., Shevtsov S. Derivation of engineering formulas in order
to calculate energy—power parameters and a shape change in a semi—finished product in the process of combined extru-
sion. FEastern European Journal of Enterprise Technologies. 2019. 2,7(98), pp. 49-57. DOI:
https://doi.org/10.15587/1729-4061.2019.160585

Aoxapi [1. b.  — n-p TexH. Hayk, nou. kagp OMT JIJIMA;
E-mail: omd@dgma.donetsk.ua;
Manmniit X. B. — KaHJI. TEXH. HayK, cT. BUKIL. kKad. OMT JJJIMA;

Ky3zenko O. A. —acnipant kapenpu OMT JJIMA.

JJIMA — Jlonbacbka nepxaBHa MalInHOOYIiBHA akanemis, M. KpamMaTopchbk.

Cmamms naoitiwuna 0o peoaxyii 11.09.2019 p.





